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, $V$ 0 , $A$
1 [1], [2]. , $A$
. ( )
$V$ $A$ ,













curl $H$ $=$ $J_{0}+J_{e}$ (1)
curl $E$ $=$ $-\mathrm{j}\omega B$ (2)
. $J_{0}$ , J . $J_{0}$
. (1), (2)
$\mathrm{d}\mathrm{i}\mathrm{v}J_{e}$ $=$ $0$ (3)
$\mathrm{d}\mathrm{i}\mathrm{v}B$ $=$ $0$ $.(4)$
. ,
$H$ $=$ $\nu B$ (5)




. $\nu$ ( ), $\sigma$ .
(4) (2) $B$ $E$ $A$ $V$
$B$ $=$ curl $A$ (7)
$E$ $=$ $-\mathrm{j}\omega(A+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}V)$ (8)
2. (1), (3)
curl $(\nu \mathrm{c}\mathrm{u}\mathrm{r}\mathrm{l}A)+\mathrm{j}\omega\sigma(A+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}V)$ $=$ $J_{0}$ (9)
$\mathrm{j}\omega \mathrm{d}\mathrm{i}\mathrm{v}[\sigma(A+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}V)]$ $=$ $0$ (10)
. . (10) (9)
, .
$\Omega$ ( , $N,$ $E$ ,
$F$ ). $A$ $N_{\mathrm{e}},$ $V$ $N_{n}$
$A$ $=$ $\sum_{e}^{E}$ aeN (11)
$V$ $= \sum_{n}^{N}V_{n}N_{n}$ (12)
. a $A$ $e$ $\int_{e}A\cdot\tau ds(\tau$ $e$
), $V_{n}$ $n$ $V$ . (9) $N_{e}$ , (10) $N_{n}$ ,
. (9) 1
$K_{ee’}= \int_{\Omega}\nu$ curl $N_{e}$ .curl $N_{e’}dv$ (13)
.
a $\{a\}$ , $f$ $b_{f},$ $b_{f}$
$\{b\}$ . (7)
$\{b\}=[C]\{a\}$ (14)




. [G] $E\cross N$ $\pm 1$ 0 , $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}$
. $[C],$ $[G]$ curl $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}=0$ $[C][G]=0$ .
curl N {curl $N$} , $M_{f}$ $\{M\}$






(16), (17) (9), (10)
$\{\begin{array}{ll}[C]^{t}[\nu][C]+\mathrm{j}\omega[\sigma] \mathrm{j}\omega[\sigma][G]\mathrm{j}\omega[G]^{t}[\sigma] \mathrm{j}\omega[G]^{t}[\sigma][G]\end{array}\}\{\begin{array}{l}AV\end{array}\}=\{\begin{array}{l}J0\end{array}\}$, (18)
[1], [4]. $[\nu]$ $[\sigma]$ $F\mathrm{x}F$ , $E\cross E$
,
$\nu_{ff’}=\int_{\Omega}\nu M_{f}\cdot M_{f’}dv$ (19)
$\sigma_{ee’}=\int_{\Omega}\sigma N_{e}\cdot N_{e’}dv$ (20)
. (18)
$J_{e}= \int_{\Omega}J_{0}$ . curl $N_{e}dv$ , (21)
. (18) A-V . (18) $[K_{av}]$
$(\dim(K_{av})=E+N)$ . $[G]^{t}[C]^{t}=0$ $[K_{av}]$ $N$ $E$ ,
$\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}[K_{av}]$ $\leq E$ ( $\sigma>0$ ). A-V
.
A-V $W^{0}$ , $W^{1}$
, (17) $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}W^{0}\subset W^{1}$ . $\{A\}$
. (18)
$[[C]^{t}[\nu][C]+\mathrm{j}\omega[\sigma]]\{A\}=\{J\}$ . (22)
. (22) A . (22)
$[K_{a}]$ . $\sigma=0$ , $[K_{a}]$ ,
. $\mathrm{C}\mathrm{G}$ . , $[C]^{t}[\nu][C]$ $N-1$
, $\sigma$ $\omega$ , $[K_{a}]$ $N-1$
. , $[K_{a}]$ $\text{ },$ $\mathrm{C}\mathrm{G}$










. (18) (22) ,
. $\sigma=5.8\cross 10^{7}[\mathrm{S}/\mathrm{m}],$ $b=3a/4,$ $h=a/4$ ,
$a=20[\mathrm{m}\mathrm{m}]$ .
2 $f=50[\mathrm{H}\mathrm{z}]$ $\mathrm{C}\mathrm{G}$ . 3 CG
.










1 4 . $\beta=1/(a^{2}\omega\sigma\mu)$
( $a$ ). A , A-V
$\beta$
$\mathrm{C}\mathrm{G}$ . A





). $10^{10}$ . A ,
$\mathrm{A}\mathrm{V}$ 2 ,




















, $\mathrm{A}\mathrm{V}$ . ,
$\kappa=\frac{\sigma_{\max}}{\sigma_{\min}^{0}}$ (24)
$\mathrm{C}\mathrm{G}$ . $\sigma_{\max},$ $\sigma_{\min}^{0}$







, $\sigma>0$ , A $[K_{a}]$ .
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0 $\underline,w$ 400olur6( ) $\epsilon\alpha\}$ $1\alpha n$ 0 $2\infty$ $\triangleleft\alpha$) $\epsilon w\mathrm{o}\prime \mathrm{d}\mathrm{e}\mathrm{r}$ $\epsilon w$ $1\alpha \mathrm{n}$


















$1*408$ \sim e- )8
0 $2\mathrm{N}$ 400 $6\mathrm{r}$ $\epsilon\alpha|$ $1(\mathrm{K}\mathrm{K})$ 0 200 D 0 $8\infty$ $10\alpha$]
$\mathrm{O}\mathfrak{n}\mathrm{k}$ ’ Offie’
(a) A (b) A-V
6 ( )
. $\beta$
$[K_{a}]$ $[C]^{t}[\nu][C]$ . $[K_{a}]$
, . .
, A-V [K $v$ ] , $[\tilde{K}_{av}]$ , $\beta$
$[\tilde{K}_{av}]\simeq\{\begin{array}{ll}[\tilde{K}_{0}] [0][0]^{t} [\tilde{K}_{1}]\end{array}\}$ (25)
. $[\tilde{K}_{0}]$ $[\tilde{K}_{1}]$ $E-N+1$ $N-1$ 1
4. $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}[\tilde{K}_{av}]=E$ , $[\overline{K}_{av}]$ $N$
. $E+N$ , $[\tilde{K}_{av}]$ .
$[\tilde{K}_{av}]$ 5.
. A $[K_{a}]$










. $\epsilon=0$ $[\tilde{k}_{a}]$ 0, 2 . 2 $[C]^{t}[\nu][C]$
. $\epsilon$ $[\tilde{k}_{a}]$ , . $\epsilon$
, .
. $\epsilon=0.01$ 00062 19938
.







. $[k_{av}]$ [K $v$ ] $\epsilon$ , $\epsilonarrow 0$ $[k_{a}]$





. $\epsilon=0$ $[\tilde{k}_{av}]$ 0, 1, 2 . 2 $[C]^{t}[\nu][C]$
, 1 $[G]^{t}[\sigma][G]$ . $\epsilon$ ,
12 . .
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